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METHOD FOR CONTROLLING CLATHRATE HYDRATES 
IN FLUID SYSTEMS 

CROSS— REFERENCE TO RELATED APPLICATIONS 
5 This application is a continuation-in-part of 

U.S. Patent Application No- 07/97 9, 588 by Sloan, 
Jr., filed November 20, 19 92. 

FIELD OF THE INVENTION 
10 The present invention involves a method for 

controlling problems that can be caused by 
clathrate hydrates, and particularly by gas 
hydrates, in fluid systems. 

15 BACKGROUND OF THE INVENTION 

Clathrate hydrates are crystalline compounds 
which occur when water forms a cage-like structure 
around guest molecules. Clathrate hydrates, 
especially in the hydrocarbon industry, are often 
20 referred to as gas hydrates, or simply as hydrates. 

Gas hydrates of interest to the hydrocarbon 
industry, particularly with respect to producing, 
transporting, and processing of natural gas and 
petroleum fluids, are composed of water and the 
25. following eight guest molecules: methane, ethane, 

propane, isobutane, normal butane, nitrogen, carbon 
' dioxide, and hydrogen sulfide. Other guest 
molecules capable of forming clathrate hydrates, 
although not normally of significant interest to 
30 the hydrocarbon industry, include ethane, nitrous 

oxide, acetylene, vinyl chloride, methyl bromide, 
ethyl bromide, cyclopropane, methyl mercaptan, 
sulfur dioxide, argon, krypton, oxygen, xenon, 
triroethylene oxide, and others. Clathrate hydrate 
35 formation is a possibility any place water exists 
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in the vicinity of such molecules, both naturally 
and artificially, at temperatures above 32°F and 
below 32°F when the pressure is elevated. 

It is primarily due to their crystalline, 
5 insoluble, non-flowing nature that hydrates have 

been of interest to industry. They have been 
considered a nuisance, because they block 
transmission lines, plug Blow Out Preventors, 
jeopardize the foundations of deepwater platforms 

10 and pipelines, collapse tubing and casing, and foul 

process heat exchangers and expanders. Common 
examples of preventive measures are found in the 
regulation of pipeline water content, unusual 
drilling mud compositions, and large quantities of 

15 methanol injection into pipelines. 

Hydrates normally form in one of two small, 
repeating crystal structures. Structure I (si), a 
body-centered cubic structure, forms with natural 
gases containing molecules smaller than propane . 

20 Structure II (sll) , a diamond lattice within a 

cubic framework, forms when natural gases or oils 
contain molecules larger than ethane but smaller 
than pentane; this structure represents hydrates 
which commonly occur in hydrocarbon production and 

25 processing conditions. Also, at least one other 

repeating crystal structure is known to exist, and 
additional structures theoretically could exist. 

The structures of both si and sll are given 
with reference to a water molecule skeleton, in 

30 which guest molecules are encaged, composed of a 

basic "building block" cavity which has twelve 
pentagonal faces given the abbreviation 5 12 . By 
linking the vertices of 5 12 cavities one obtains si, 
while linking the faces of 5 12 cavities results in 
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sll. The regions between the linked 5 12 cavities in 
repeating crystal structures are larger cavities 
which contain twelve pentagonal faces and either 
two or four hexagonal faces: 5 12 6 2 for si and 5 12 6 4 
for all. The water molecules of a cavity are held 
in place by hydrogen bonds, which attach water 
molecules to each other to form the cavity. Inside 
each cavity resides a maximum of one guest 
molecule. Cavities other than the 5 12 ,s 12 6 2 , and 
5 12 6 4 cavities, just described, could exist in 
repeating crystal structures other than si and sll . 
Any cavity, however, should have exactly twelve 
pentagonal faces. Additional information 

concerning clathrate hydrates, and particularly gas 
15 hydrates, can be found in Sloan, Clat.hratft Hydrates 

n f Kh^nra l Rases. M. Dekker, N.Y., 1990, the 
contents of which is incorporated herein in its 
entirety. 

There are four common means of inhibiting 
20 formation of or dissociating hydrates, namely: 1) 

removing one of the components, either the guest 
molecule or water, 2) heating the system beyond the 
hydrate formation temperature at a given pressure, 
3) decreasing the system pressure below hydrate 
25 stability at a given temperature, and 4) injecting 

an inhibitor such as methanol or glycol to decrease 
hydrate stability conditions so that higher 
pressures and lower temperatures are required -for 
hydrate stability. The above four common 
techniques are termed thermodynamic inhibition, 
because they remove the system from thermodynamic 
stability, by changes in composition, temperature, 
or pressure. While the system is kept outside 
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thermodynamic stability conditions, hydrates can 
never form. 

In European Patent Office Publication No. 
0457375Al r published November 21, 1991, use of 
alkyl aryl sulphonic acids is proposed for 
preventing or retarding the formation of hydrates 
or for reducing the tendency of hydrates to 
agglomerate . 

In U.S. Patent No. 4,915,17 6 by Sugier et al . , 
issued April 10, 1990, a method is proposed for 
transporting a fluid under conditions at which 
hydrates are allowed to form. That patent discusses 
the use of amphophilic compounds, having a 
hydrophilic part and an lipophilic part, which are 
mixed with a fluid to be transported to lower the 
gas hydrate formation temperature and/or to modify 
the mechanism of formation of such hydrates. It is 
reported that such compounds disperse the gas 
hydrates in the fluid and then prevent their 
agglomeration. However it is believed that the 
chemicals used in this process are expensive and 
could require extensive recycling to be economical. 
The process would not be effective in a fluid 
system containing a continuous aqueous liquid 
phase, that is, for example, an aqueous liquid 
phase that is not dispersed throughout a continuous 
organic liquid phase such as in a water-in-oil type 
emulsion. Therefore, that process would not be 
effective, for example, in a fluid system 
containing both a gaseous and an aqueous liquid 
phase, but containing no organic liquid phase, or a 
fluid system comprising significantly more aqueous 
liquid phase than organic liquid phase. 
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From the foregoing, it appears that there is a 
need for new methods to address clathrate hydrate 
problems in fluid systems, particularly those 
encountered in producing, transporting, and 
processing petroleum and natural gas fluids. 

SUMMARY OF THE INVENTION 

One object of the present invention is to 
provide a process for preventing clathrate hydrate 
masses in a fluid stream from impeding flow of the 
fluid stream, particularly with respect to fluid 
streams encountered in the hydrocarbon industry 
such as with the production, transportation and 
processing of petroleum and natural gas fluids. 

Another object is to provide an economical 
process for preventing clathrate hydrate problems 
in fluid systems. 

Another object is to provide additives for use 
in controlling clathrate hydrates in fluid systems, 
which additives have low toxicity and, therefore, 
their use is environmentally desirable. 

Another object of the invention is to provide 
a process for preventing clathrate hydrate masses 
from agglomerating to form large masses in fluid 
systems containing a continuous aqueous liquid 
phase . 

According to the present invention, an 
additive is added to a fluid system to prevent 
clathrate hydrate masses from forming, or to 
prevent clathrate hydrates that are present, or 
that form, in a fluid system from agglomerating or 
otherwise growing to form clathrate hydrate masses 
that would be large enough to create problems in 
the fluid system, such as by impeding the flow of 
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fluids. Preferably, clathrate hydrate masses are 
prevented from becoming larger than the size of 
several repeating crystal structure units. More 
preferably, clathrate hydrate masses in a fluid 
5 system are prevented from forming masses larger 

than a repeating crystal structure, and most 
preferably from forming masses as large as a 
repeating crystal structure. In particular, it is 
believed that the additive interacts with clathrate 
10 hydrate cavities of clathrate hydrate masses in a 

way that prevents those cavities from participating 
in the formation of larger clathrate hydrate 
masses . 

In one embodiment, clathrate hydrate masses 
15 are prevented from impeding the flow of a fluid 

stream by the addition of an additive comprising 
poly (N-vinyl-2-pyrrolidone) to the fluid system. 
In another embodiment the additive comprises 
hydroxyethylcellulose . In another embodiment the 
20 additive comprises a compound sold under the name 

"Gaffix VC-713" by International Specialty 
Products, or comprises a compound having similar 
attributes . 

In another embodiment, an additive comprising 
25 at least one five member cyclic chemical grouping, 

or six member cyclic chemical grouping and/or seven 
member chemical grouping is applied to the fluid 
stream to prevent clathrate masses from impeding 
the flow and, more specifically, it is believed, to 
30 interfere with the process by which smaller 

clathrate hydrate masses form larger clathrate 
hydrate masses. In one embodiment, the cyclic 
chemical grouping is nonaromatic. In another 
embodiment, the cyclic chemical grouping comprises 
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a heterocyclic ring, preferably including an 
internal amide and/or an internal ester group . 

In one embodiment, the additive comprises 
multiple different cyclic chemical groupings, 
5 preferably with a first cyclic chemical grouping 

having a different number of atoms in the ring than 
a second cyclic chemical grouping. In another 
embodiment, an additive comprises both a five 
member cyclic chemical grouping and a seven- member 
10 cyclic chemical grouping. 

In another embodiment, clathrate hydrate 
masses are prevented from impeding the flow of a 
fluid stream by application of an additive that has 
a molecular weight greater than about 3,000. 
15 Preferably, the additive is a polymer of molecular 

weight greater than about 40,000. 

According to the present invention, the fluid 
system may comprise, in addition to clathrate 
hydrate masses that may be present, any combination 
20 and relative proportions of a gaseous phase, an 

aqueous liquid phase, and an organic liquid phase. 
In one embodiment, the fluid system comprises an 
aqueous liquid phase and a gaseous phase. In 
another embodiment, the fluid system comprises a 
25 fluid stream that is transported by flow through a 

conduit. In another embodiment, the fluid system 
comprises one or more fluid phases from the 
production, transportation or processing of natural 
gas or petroleum fluids. 



30 



DETAILED DESCRIPTION OF THE INVENTION 
In one respect, the present invention involves 
preventing clathrate hydrate formation or 
controlling the joining together of clathrate 
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hydrate masses in fluid systems to form larger 
clathrate hydrate masses. The present invention 
also involves controlling the formation of 
clathrate hydrates in a fluid system to prevent 
large clathrate hydrate agglomerates in a fluid 
system. A fluid stream having clathrate hydrate 
masses mixed therein, or that is susceptible to the 
formation of clathrate hydrate masses, is contacted 
with an additive that prevents clathrate hydrate 
masses from forming a mass or masses that could 
impede the flow of the fluid stream. Preferably, 
clathrate hydrate masses no larger than several 
repeating crystal structure units are allowed to 
form. More preferably, clathrate hydrate masses no 
larger than a repeating crystal structure are 
allowed to form. Most preferably, no clathrate 
hydrate masses become as large as a repeating 
crystal structure. Preferably, the additive is 
soluble in water. 

The present invention is particularly useful 
in the hydrocarbon industry such as with the 
production, transportation and processing of 
natural gas and petroleum. The present invention 
is useful, for example, to control gas hydrates 
that could form during extraction of natural gas 
and petroleum fluids through a producing well, 
during transportation of the extracted fluids, and 
during processing of the extracted fluids. 

Preferably, the additive comprises at least 
one cyclic chemical grouping, also known as a ring 
grouping, in its molecular structure, and more 
preferably, the additive comprises a plurality of 
cyclic chemical groupings, which can be either the 
same or different from one another. More 
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preferably the cyclic chemical grouping is not 
aromatic. A cyclic chemical grouping refers to an 
organic ring structure, which may contain only 
carbon atoms as members of the ring, or may contain 
5 one or more other atoms in a heterocyclic ring such 

as, for example, atoms of oxygen, nitrogen, sulfur, 
and phosphorus atoms. Preferably, the cyclic 
grouping has a polar moiety, which is either a 
polar atom, such as oxygen or nitrogen, in the 

10 ring, or a polar substituent, such as an oxygen 

atom, attached to the ring, or both. More 
preferably, the cyclic chemical grouping is 
heterocyclic and most preferably comprises an 
oxygen or nitrogen atom in the ring. Preferably, 

15 the additive comprises an ester and/or an amide 

linkage internal to the ring of a cyclic chemical 
grouping . 

It is particularly preferred that the additive 
comprise at least one five member cyclic chemical 
20 grouping, one six member cyclic chemical grouping 

and/or one seven member cyclic chemical grouping in 
its molecular structure. Most preferably, the 
additive comprises at least one five member cyclic 
chemical grouping in its molecular structure. 
25 Although not wishing to be bound by theory, it 

is believed that when guest molecules, such as 
those in natural gases, dissolve in water and form 
clathrate hydrates, that water molecules cluster 
around the guest molecule, in a labile, non- 
30 permanent structure which closely resembles the 5 12 
cavity. Two or more of these water clusters have 
been shown to share either vertices or faces, in 
the beginning of hydrate crystallization. 
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It is therefore possible to prevent clathrate 
hydrates from plugging, or otherwise impeding the 
flow of fluids by using a kinetic growth inhibitor 
to block small fluid-like species from becoming 
5 larger crystalline species. 

One method of inhibition according to the 
process of the present invention, called kinetic 
inhibition, allows the system to exist in the 
hydrate thermodynamic stability region, but small 
10 hydrates nuclei are hindered form agglomerating to 

larger masses by means of small quantities of new 
chemicals. It is believed that five member cyclic 
chemical structures are particularly useful because 
they interact with one more of the pentagonal faces 
15 of a cavity, thereby preventing those pentagonal 

faces from participating in the formation of a 
larger clathrate hydrate mass. 

Preferably, the additive is a polymer of 
molecular weight greater than about 3,000, more 
20 preferably of molecular weight greater than about 

20,000, and most preferably of molecular weight 
greater than about 40,000. As used herein, polymer 
refers to homopolymers and copolymers . As used 
herein, copolymer refers to a polymer made from any 
25 number of different monomers in excess of one. 

One preferred class of additives are those 
comprising one or more five, six and/or seven 
member cyclic chemical groupings wherein at least 
one cyclic chemical grouping comprising an internal 
30 ester or an internal amide. Examples of cyclic 

groupings comprising internal amides include, for 
example, lactams and substituted lactams . Examples 
of cyclic groupings comprising internal esters 
include lactones and substituted lactones. 
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Additives comprising cyclic chemical groupings 
representative of, or derived from, lactams or 
substituted lactams are particularly preferred. 

In one embodiment, the additive comprises a 
poly (N-vinyl lactam) homopolymer or copolymer. As 
used herein, poly (N-vinyl lactam) refers to 
polymers prepared using one or more monomers having 
a vinyl group substituted onto the nitrogen of a 
lactam ring. One such substance that has been 
found to be particularly effective, and is 
therefore particularly preferred as an additive, is 
poly (N-vinyl-2-pyrrolidone) , which comprises a 
plurality of five member cyclic groupings extending 
from a polymer backbone. The five member cyclic 
15 groupings comprise an internal amide characteristic 

of a lactam. Preferably, such poly (N-vinyl-2- 
pyrrolidone) is of molecular weight greater than 
about 3,000, more preferably greater than about 
20,000, and most preferably greater than about 
20 40,000. Poly (N-vinyl-2-pyrrolidone) is a chemical 

with low toxicity. Therefore, it would not cause 
significant environmental damage if accidentally 
released into the environment, such as might occur 
in case of a pipeline leak. 
25 Poly (N-vinyl-2-pyrrolidone) is a polymer 

having a backbone with the following five member 
cyclic grouping, referred to herein as Grouping I, 
such as may be derived from 2-pyrrolidone which is 
also called butyrolactam: 
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Other compounds having Grouping I could also be 
used as additives. Preferably, the additives are 

10 polymers having a molecular weight greater than 

about 40,000. Grouping I could be incorporated 
into a polymer, for example, by addition 
polymerization of N-vinyl-2-pyrrolidone, either 
alone or with other polymers to form a copolymer. 

15 in one embodiment, the additive has a seven 

member cyclic grouping. One preferred seven member 
cyclic grouping is the following grouping, referred 
to herein as Grouping II, such as may be derived 
from e-caprolactam: 

20 



25 



30 The additive is preferably a polymer, more 

preferably having a molecular weight greater than 
about 40,000. Such a caprolactam radical could, 
for example, extend from a polymer backbone, such 
as a polyvinyl backbone. Grouping II could be 
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incorporated into a polymer, for example, by 
addition polymerization of N-vinyl-e-caprolactam, 
either alone or with other monomers to form a 
copolymer . 

5 in one embodiment, the additive comprises a 

plurality of different cyclic chemical groupings. 
Preferably, the additive comprises at least two 
cyclic chemical groupings and more preferably, the 
additive comprises first cyclic chemical grouping 

!0 having a different number of atoms in its ring than 

a second cyclic chemical grouping. Even more 
preferably, the additive comprises a five member 
cyclic chemical grouping and a seven member cyclic 
chemical grouping. Preferably at least one of the 

15 cyclic chemical groupings comprises an internal 

amide and/or an internal ester and more preferably 
at least two different cyclic chemical groupings 
comprise an internal amide and/or an internal 
ester. Preferably, the additive is a polymer with 

20 a molecular weight greater than about 40,000, which 

preferably is also soluble in water. In one 
preferred embodiment, the multiple cyclic chemical 
groupings are such that they do not form a part of 
the polymer backbone, but rather extend from the 

25 polymer backbone, such as would be the case for 

substituents grafted onto a polymer backbone. More 
preferably, in addition to the multiple cyclic 
chemical groupings which are not a part of the 
polymer backbone, at least one noncyclic chemical 

30 grouping also extends from the polymer backbone. 

Such a noncyclic chemical group can comprise either 
a normal or a branched chain structure. 
Preferably, the noncyclic chemical grouping 
comprises at least one polar atom such as oxygen, 
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nitrogen, sulfur or phosphorus, more preferably 
nitrogen and/or oxygen. Most preferably, such a 
noncyclic chemical grouping comprises an amino or 
substituted amino group. 

In one embodiment, the additive comprises a 
five member cyclic chemical grouping, a seven 
member cyclic chemical grouping, and a noncyclic 
chemical grouping. Preferably, all three of these 
chemical groupings form or are part of substituents 
extending from a polymer backbone. One chemical 
that has been found to be particularly useful 
comprises Grouping I, Grouping II and the following 
noncyclic grouping, referred to herein as Grouping 
III: 

o 
I 

C O CH 2 CH 2 



CH. 



N 



\ 



CH 3 



The polymer can be any polymer with these three 
chemical groupings, and may be, for example, block, 
random, or graft copolymers . Grouping III could be 
incorporated into a polymer, for example, by 
addition polymerization of dimethyl ethyl amino 
methacrylate with other appropriate monomers to 
form a copolymer having all of Groupings I, II and 
III. Preferably, the polymer has a molecular 
weight greater than about 40,000. Alternatively, 
an additive may have Grouping III and only one of 
Grouping I and Grouping II. 

One specific example of a compound having all 
of Groupings I, II and III is that sold under the 
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name "Gaffix VC-713" by International Specialty 
Products which currently has a business address of 
1361 Alps Road, Wagner, New Jersey. Gaffix VC-713 
is a copolymer prepared from three monomers, which 
5 is often referred to as a terpolymer. Those three 

monomers are N-vinyl-2-pyrrolidone , N-vinyl-e- 
caprolactam and dimethyl ethyl amino methacrylate . 

Another preferred addition is hydroxy- 
ethylcellulose, which comprises six membered cyclic 
10 chemical groupings. In one particularly preferred 

embodiment, the additive comprises both poly(N- 
vinyl-2-pyrrolidone) and hydroxyethylcellulose . 

The fluid system comprises any fluid or fluids 
comprising water and guest molecules, which water 
15 and guest molecules together can form clathrate 

hydrates. The fluid system may comprise any 
combination of one or more gaseous phase, aqueous 
liquid phase, and organic liquid phase, and in any 
proportions. Typically, the fluid system will 
20 comprise at least two fluid phases, a gaseous 

phase, which comprises guest molecules, and an 
aqueous liquid phase. Typically, a suitable fluid 
system comprising an organic liquid phase also 
comprises both a gaseous phase and an aqueous 
25 liquid phase. 

The present invention is particularly useful 
in fluid systems comprising a continuous aqueous 
liquid phase . A continuous aqueous liquid phase 
is, for example, an aqueous phase that is not 
30 dispersed as small, emulsified droplets throughout 

a continuous organic phase, as would be the case in 
a water-in-oil type emulsion. Therefore, the 
present invention is particularly useful, for 
example, when the fluid system comprises a gaseous 
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phase and an aqueous liquid phase in the absence of 
an organic liquid phase, or at least in the absence 
of an organic liquid phase of significant 
volumetric proportion relative to the aqueous 
5 liquid phase. It has been surprisingly discovered 

that, according to the present invention, clathrate 
hydrate masses in such a fluid system, containing a 
continuous aqueous liquid phase will nonetheless 
disperse in the fluid system, and in particular 
10 will disperse in the continuous aqueous liquid 

phase, and will not agglomerate to form a mass 
large enough to impede the flow of a fluid stream 
comprising the dispersed clathrate hydrate masses. 
This is particularly surprising because, in the 
15 absence of a substantial organic liquid phase, the 

aqueous liquid phase cannot be emulsified and 
dispersed throughout the organic phase to maintain 
dispersion of clathrate hydrates forming in small, 
dispersed aqueous droplets. 
20 With the present invention, it is not 

necessary to disperse an aqueous liquid phase, such 
as throughout an organic liquid phase, to prevent 
agglomeration of clathrate hydrate masses. With 
the present invention, even in a fluid system that 
25 contains a shortage of available water relative to 

available guest molecules for the formation of 
clathrate hydrates, not all of the water will 
participate with guest molecules to form clathrate 
hydrates. Rather, free water will typically remain 
30 in an aqueous liquid phase, which will have 

clathrate hydrate masses dispersed therein. 

Based on the foregoing, it will be recognized 
that the present invention has wide applicability 
to fluid systems of varying relative proportions of 
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gaseous, aqueous liquid, and organic liquid phases. 
The present invention, for example, will disperse 
clathrate hydrates in an aqueous phase, whether 
such aqueous phase is in a gas/aqueous liquid 
5 system or in a gas/aqueous liquid/organic liquid 

system. Also, in a gas/aqueous liquid/organic 
liquid system, it is not necessary that the organic 
liquid phase predominates over the aqueous liquid 
phase because it is not necessary to disperse the 
10 aqueous phase as small droplets in an emulsified 

form. 

Contacting an additive with clathrate hydrates 
in a fluid system, according to the present 
invention, can be accomplished using any suitable 

15 contacting means. For example, such contacting can 

be effected by mixing an additive into the fluid 
system, such as into a flowing fluid stream. For 
example, an additive could be injected into a 
downhole location in a producing well to control 

20 clathrate hydrates in fluids being produced through 

that well. Likewise, an additive could, for 
example, be injected into the produced fluid stream 
at a wellhead location, or even into piping 
extending through a riser, through which produced 

25 fluids are transported in offshore producing 

operations from the ocean floor to the offshore 
producing facility located at or above the surface 
of the water. Also, an additive could be injected 
into a fluid stream prior to transporting that 

30 fluid stream, such as by injecting an additive into 

the fluid stream which is then transported, such as 
via subsea pipeline from an offshore producing 
location to an onshore processing facility. 
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Additives useful according to the present 
invention , can be normally solid f normally liquid, 
or normally gaseous. If such additive is normally 
solid, such as is the case with many polymers, 
5 including poly (N-vinyl-2-pyrrolidone) , such solid 

additive is preferably dissolved into a carrier 
liquid, so that the additive can then be injected 
into the fluid system in liquid form. For example, 
poly (N-vinyl-2-pyrrolidone) , Gaffix VC-713, and/or 

10 hydroxyethylcellulose, can be dissolved in 

methanol, and the methanol solution can then be 
injected directly into a flowing fluid stream to 
affect a desired contacting of the additive with 
clathrate hydrate masses that may form in the fluid 

15 stream during transportation, such as through a 

pipeline. The carrier liquid should preferably be 
soluble in water. Water, however, is generally not 
preferred as a carrier liquid because of the 
tendency of such water to promote additional 

20 clathrate hydrate formation in the fluid system. 

Preferably, an additive is mixed with the 
fluid system prior to the formation of clathrate 
hydrates in that fluid system. The additive would 
then be present in the fluid system to contact 

25 clathrate hydrate masses as they first form. 

Mixing of an additive into the fluid system, 
or contacting of an additive already in the fluid 
system with clathrate hydrate masses, may be aided 
by mechanical means, as are well known in the art, 

30 such as, for example, by using conveniently located 

static, in-line mixers on a pipeline. In most 
pipeline transportation applications, however, 
sufficient mixing and contacting will occur due to 
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the turbulent nature of the fluid flow and 
mechanical mixing aids will not be required. 

It will be recognized that the amount of 
additive required to be added to any particular 
5 fluid system will depend upon the composition of 

that system and the conditions of temperature and 
pressure to which the fluid system will be 
subjected. Generally, however, such additive will 
be added in an amount that results in from about 

10 0.2% to about 0.5%, by weight, of additive relative 

to free water- in a fluid system. 

The following examples are provided for the 
purpose of illustrating the present invention and 
are not intended to limit the scope of the 

15 invention in any way. 

Example 1 

This example is provided for comparison, and 
illustrates the formation of clathrate hydrates in 
an aqueous solution and growth of those clathrate 

20 hydrates into masses of sufficient size to form a 

clathrate hydrate plug in a fluid system. 

A 15 ml test tube is filled with an aqueous 
solution containing 3.5 weight percent sodium 
chloride, relative to water, and 20 weight percent 

25 of tetrahydrofuran, also relative to water. 

Tetrahydrof uran is a compound capable of forming a 
clathrate hydrate. A stainless steel ball having 
an outside diameter of 0.20 inch is inserted into 
the test tube so that the ball can roll freely 

30 along the tube length. The test tube is sealed and 

placed in a water bath containing ice that is at a 
temperature of 0°C. A mechanical device rotates 
the test tube continuously end-over-end about the 
center point of the length of the test tube. The 
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stainless steel ball rolls from one end of the test 
tube to the other during each rotation of the test 
tube. The test tube is visually observed while 
rotating in such a fashion . 
5 The solution becomes cloudy, indicating the 

initiation of a clathrate hydrate phase within the 
tube f after about twelve minutes of rotating in the 
water bath. After approximately thirty minutes of 
rotating in the water bath, the ball completely 
10 stops rolling in the test tube, indicating that 

clathrate hydrates have formed a plug within the 
test tube. 
Example 2 

This example illustrates the use of an 

15 additive to prevent aggregation of clathrate 

hydrates in an aqueous solution to form a clathrate 
hydrate plug. 

The experimental procedure of Example 1 is 
repeated, except that poly (N-vinyl-2-pyrrolidone) 

20 is added to the aqueous solution in an amount of 

0.5 percent by weight, relative . to water. The 
solution in the test tube becomes cloudy after 
approximately 4 5 minutes of rotating in the water 
bath. After 6 hours of rotating in the water bath f 

25 the ball is still rolling. Normally, even if this 

experiment is continued after 6 hours, the ball 
continues to roll in the test tube even after a 
period of 24 hours. Therefore, the additive 
prevents the formation of a clathrate hydrate plug 

30 in the test tube over what is believed to be a 

commercially significant period of time. 
Example 3 

This example illustrates the use of Gaffix VC- 
713, as previously described, to control the 
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formation and/or agglomeration of clathrate 
hydrates . 

The experimental procedure of Example 1 is 
repeated, except that Gaffix VC-713 is added to the 
aqueous solution in an amount of 0.5 percent by 
weight , relative to water. After eight hours of 
rotating in the water bath, the solution in the 
test tube shows no signs of hydrate formation. 

While various embodiments of the present 
invention have been described in. detail, it is 
apparent that modifications and adaptations of 
those embodiments will occur to those skilled in 
the art. It is to be expressly understood, 
however, that such modifications and adaptations 
are within the scope of the present invention, as 
set forth in the following claims . 
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what- is claimed is: 

1. A method for controlling clathrate 
hydrates, said method comprising the steps of: 
5 (a) providing a flowable fluid, said 

flowable fluid comprising water and guest 
molecules, said guest molecules in combination 
with water being capable of forming clathrate 
hydrates; 

10 (b) providing an additive, said 

additive comprising a poly (N-vinyl lactam) 
polymer having a molecular weight greater than 
about 40,000, said polymer comprising a backbone, 
said polymer comprising a first cyclic chemical 

15 grouping extending from said backbone and a 

second cyclic chemical grouping extending from 
said backbone, said first cyclic chemical 
grouping comprising a nonaromatic five member 
organic heterocyclic ring having an internal 

20 amide, said second cyclic chemical grouping 

comprising a nonaromatic seven member organic 
heterocyclic ring having an internal amide, said 
polymer comprising a noncyclic chemical grouping 
extending from said backbone; and 

25 (c) contacting said additive and said 

flowable fluid under conditions of temperature 
and pressure at which clathrate hydrates are 
chemically stable, said additive capable of 
preventing clathrate hydrate masses from impeding 

30 flow of said flowable fluid. 

2. A method for controlling clathrate 
hydrates in a fluid, the method comprising the 
steps of : 
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(a) providing a fluid susceptible to 
formation of clathrate hydrates; and 

(b) contacting said fluid with an 
additive, wherein said additive has a cyclic 

5 chemical grouping, said cyclic chemical grouping 

having in its chemical structure a heterocyclic 
organic ring with at least one linkage internal 
to the ring, said internal linkage selected from 
the group consisting of an internal amide linkage 
10 and an internal ester linkage. 

3. The method of Claim 2, wherein said 
fluid is subject to thermodynamic conditions at 
which clathrate hydrate masses form and are 
present in said fluid, and wherein the tendency 

15 of said clathrate hydrates to agglomerate is 

reduced by said contacting with said additive . 

4. The method of Claim 3, wherein said 
fluid having clathrate hydrate masses present 
therein flows from a first location to a second 

20 location substantially without agglomeration of 

said clathrate hydrates Impeding the flow of said 
fluid. 

5. The method of Claim 4, wherein said 
fluid comprises an extracted fluid selected from 

25 the group of extracted oil and extracted natural 

gas, and wherein said first location is proximate 
to the place of extraction of said extracted 
fluid and said second location is proximate to a 
processing facility for said extracted fluid, 

30 6. The method of Claim 2, wherein said 

internal linkage is an internal amide linkage. 

1. The method of Claim 2, wherein said 
cyclic chemical grouping comprises a lactam ring 
structure . 
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8. The method of Claim 2, wherein said 
cyclic chemical grouping comprises a pyrrolidone 
ring structure. 

9. The method of Claim 2, wherein said 
5 cyclic chemical grouping comprises an e- 

caprolactam ring structure . 

10- The method of Claim 2, wherein said 
additive comprises a polymer. 

11. The method of Claim 2, wherein said 
10 additive comprises a polymer having a molecular 

weight of greater than about 20,000. 

12. The method of Claim 2, wherein said 
additive comprises a polymer having a molecular 
weight of greater than about 40,000. 

15 13. The method of Claim 2, wherein said 

additive comprises a poly (N-vinyl lactam) 
polymer. 

14. The method of Claim 2, wherein said 
heterocyclic organic ring is a five member ring. 
20 15. The method of Claim 2, wherein said 

heterocyclic organic ring is a six member ring. 

16. The method of Claim 2, wherein said 
heterocyclic organic ring is a seven member ring. 

17. The method of Claim 2, wherein said 
25 additive comprises a first cyclic chemical 

grouping and a second cyclic chemical grouping, 
said first cyclic chemical grouping having a 
first heterocyclic organic ring and said second 
cyclic chemical grouping having a second 
30 heterocyclic organic ring, said first cyclic 

chemical grouping being chemically different than 
said second cyclic chemical grouping. 

18. The method of Claim 17, wherein said 
first heterocyclic organic ring has a different 
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number of atoms making up said first organic ring 
than the number of atoms making up said second 
heterocyclic organic ring. 

19. The method of Claim 17, wherein said 
5 first organic ring comprises at least one 

constituent atom species that is not a 
constituent of said second organic ring. 

20. The method of Claim 17, wherein said 
first heterocyclic organic ring is a five member 

10 ring and said second heterocyclic organic ring is 

a seven member ring. 

21. The method of Claim 2, wherein said 
additive is a polymer having a polyvinyl 
backbone, and wherein said cyclic chemical 

15 grouping is pendent from said backbone. 

22. The method of Claim 21, wherein said 
additive has a noncyclic chemical grouping 
pendent from said backbone, said noncyclic 
chemical grouping having an amine group. 

20 23. The method of Claim 21, wherein said 

additive has repeating units representative of 
polymerization of at least N-vinyl-pyrrolidone 
monomer . 

24. The method of Claim 23, wherein said 
25 additive is poly (N-vinyl-pyrrolidone) . 

25. The method of Claim 21 , wherein said 
additive has repeating units representative of 
polymerization of at least N-vinyl-e-caprolactam 
monomer . 

30 26. The method of Claim 25, wherein said 

additive is poly (N-vinyl-e-caprolactam) . 

27. The method of Claim 2, wherein said 
clathrate hydrates are gas hydrates. 
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2B. A method for controlling clathrate 
hydrates in a fluid, the method comprising the 
steps of: 

(a) providing a fluid susceptible to 
formation of clathrate hydrates; and 

(b) contacting said fluid with an 
additive, wherein said additive has in its 
chemical structure at least one cyclic chemical 
grouping having a seven member organic ring. 

29. The method of Claim 28, wherein said 
seven member organic ring is a heterocyclic ring. 

30. The method of Claim 28, wherein said 
seven member organic ring has an amide linkage 
internal to said ring. 

31. The method of Claim 28, wherein said 
seven member organic ring has an ester linkage 
internal to said ring. 

32. The method of Claim 28, wherein said 
cyclic chemical grouping comprises an e- 
caprolactam ring structure. 

33. The method of Claim 2.8, wherein said 
additive is a polymer having a plurality of said 
cyclic chemical grouping having a seven member 
organic ring. 

34. The method of Claim 28, wherein said 
additive is a poly (N-vinyl-e-caprolactam) . 

35. The method of Claim 28, wherein said 
fluid is subject to thermodynamic conditions at 
which clathrate hydrate masses form and are 
present in said fluid, and wherein the tendency 
of said clathrate hydrates to agglomerate is 
reduced by said contacting with said additive. 

36. The method of Claim 35, wherein said 
fluid having clathrate hydrate masses present 
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therein flows from a first location to a second 
location substantially without agglomeration of 
said clathrate hydrates impeding the flow of said 
fluid. 

37. A method for controlling clathrate 
hydrates in a fluid, the method comprising the 
steps of : 

(a) providing a fluid susceptible to 
formation of clathrate hydrates; and 

(b) contacting said fluid with an 
additive, wherein said additive comprises 
chemical structure a first cyclic chemical 
grouping, which has a first organic ring and a 
second cyclic chemical grouping which has a 
second organic ring, said first cyclic chemical 
grouping having a different chemical composition 
than said second cyclic chemical grouping. 

38. The method of Claim 37, wherein said 
first organic ring has a different number of 
atoms making up the ring than the number of atoms 
making up the second organic ring. 

39. The method of Claim 38, wherein said 
first organic ring and said second organic ring 
are each independently selected from the group 
consisting of a five member ring, a six member 
ring, and a seven member ring. 

40. The method of Claim 37, wherein said 
first organic ring is a heterocyclic ring. 

41. The method of Claim 37, wherein said 
second organic ring is a heterocyclic ring. 

42. The method of Claim 37, wherein said 
first cyclic chemical grouping comprises a lactam 
ring structure. 
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43. The method of Claim 37, wherein said 
second cyclic chemical grouping comprises a 
lactam ring structure. 

44. The method of Claim 37, wherein said 
5 first cyclic chemical grouping comprises a 

pyrrolidone ring structure . 

45. The method of Claim 37, wherein said 
second cyclic chemical grouping comprises an E- 
caprolactam ring structure. 

10 46. The method of Claim 37, wherein said 

additive is a polymer. 

47. The method of Claim 37, wherein said 
additive is a poly (N-vinyl lactam). 

48. The method of Claim 37, wherein said 
15 additive is a polymer having repeating units 

representative of copolymerization of at least N- 
vinyl pyrrolidone, N-vinyl-e-caprolactam, and 
dimethyl ethyl amino methacrylate . 

49. The method of Claim 37, wherein said 
20 fluid is subjected to thermodynamic conditions at 

which clathrate hydrate masses form and are 
present in said fluid, and wherein the tendency 
of said clathrate hydrates to agglomerate is 
reduced by said contacting with said additive. 

25 50. The method of Claim 4 9, wherein said 

fluid having clathrate hydrate masses present 
therein flows from a first location to a second 
location substantially without agglomeration of 
said clathrate hydrates impeding the flow of said 

30 fluid. 

51. A method for controlling clathrate 
hydrates in a fluid, the method comprising the 
steps of: 
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(a) providing a fluid susceptible to 
formation of clathrate hydrates; and 

(b) contacting said fluid with an 
additive, said additive being a polymer having a 

5 backbone chain and having a first chemical 

grouping being a cyclic chemical grouping and a 
second chemical grouping being noncyclic and 
having an amine group, said first chemical 
grouping and said second chemical grouping being 
10 pendent from said backbone chain. 

52. The method of Claim 51, wherein said 
backbone chain is a polyvinyl backbone . 

53. The method of Claim 51, wherein said 
second chemical grouping has the chemical formula 

15 



0 ^CH 3 
J\ o CH _ <:H _ N 

20 '^CH, 



54. The method of Claim 51, wherein said 
25 first chemical grouping comprises a lactam ring 

structure . 

55. The method of Claim 54, wherein said 
lactam ring structure is an e-caprolactam ring 
structure, having the chemical formula 
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56. The method of Claim 54 , wherein said 
lactam ring structure is a pyrrolidone ring 
structure, of the chemical formula 




57. A method for preventing clathrate 
hydrates from impeding the flow of a fluid, the 
method comprising the steps of: 

(a) first providing a flowable fluid, 
the flow of which is susceptible to being impeded 
by formation and agglomeration in said fluid of 
clathrate hydrate masses; 



SUBSTITUTE SHEET 



31 

(b) second providing an additive, said 
additive being a polymer comprising a plurality 
of cyclic chemical groupings; 

(c) subjecting said fluid to 
thermodynamic conditions at which clathrate 
hydrate masses form and are present in said 
fluid, said clathrate hydrate masses being 
susceptible to agglomeration; 

(d) contacting said flowable fluid 
having said clathrate hydrate masses present 
therein with said additive under conditions at 
which said clathrate hydrate masses are 
thermodynamically stable; and 

(e) flowing said fluid in contact with 
said additive and having said clathrate hydrate 
masses therein, said clathrate hydrate masses 
being substantially prevented from impeding the 
flow of said fluid due to agglomeration of said 
clathrate hydrate masses. 

58. The process of Claim 57, wherein said 
polymer has a molecular weight of greater than 
about 20,000. 

59. The process of Claim 57, wherein said 
polymer has a molecular weight of greater than 
about 40,000. 

60. The process of Claim 57, wherein said 
polymer has a polyvinyl backbone and wherein said 
cyclic chemical groupings are pendent from said 
polymer . 

61. The process of Claim 57, wherein said 
chemical grouping comprises a lactam ring 
structure. 

62. The process of Claim 57, wherein said 
additive comprises a poly (N-vinyl lactam). 
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63. A method for preventing problems that 
could occur from the presence of clathrate 
hydrates in a fluid, the method comprising the 
steps of: 

(a) providing a fluid susceptible to 
clathrate hydrate formation; and 

(b) contacting said fluid with a 
polymer, said polymer being a poly(N-vinyl 
lactam) . 

64. The method of Claim 63, wherein said 
poly(N-vinyl lactam) is a copolymer. 

65. The method of Claim 63, wherein said 
polymer has a polyvinyl backbone having pendent 
therefrom a first chemical grouping, a second 
chemical grouping, and a third chemical grouping, 
said first chemical grouping having a pyrrolidone 
ring structure of the chemical formula 



I 




said second chemical grouping having an E- 
caprolactam ring structure of the chemical 
formula 
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and said third chemical grouping having the 
15 chemical formula 



20 



C — O CH 2 — CH a N , 



66, A method for preventing the inhibition 
25 of flow of a fluid that may be caused by 

clathrate hydrates, the method comprising the 
steps of: 

(a) providing a flowable fluid r the 
flow of which is susceptible to being impeded by 

30 clathrate hydrates; 

(b) providing an additive, said 
additive having a cyclic chemical grouping having 
in its chemical structure at least one 
heterocyclic organic ring, said heterocyclic 
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organic ring having at least one linkage internal 
to the ring, said linkage selected from the group 
consisting of an ester linkage and an amide 

linkage ; and 

(c) contacting said flowable fluid with 
said additive and flowing said flowable fluid in 
contact with said additive; 

whereby flow of said fluid is substantially 
not impeded by clathrate hydrates. 

67. The method of Claim 66, wherein said 
polymer is a polymer having repeating units 
representative of copolymerization of at least N- 
vinyl-pyrrolidone, N-vinyl-e-capr olactam, and 
dimethyl ethyl amino methacrylate . 

68. A method for controlling clathrate 
hydrates in a fluid, the method comprising the 
steps of: 

(a) providing a fluid susceptible to 
formation of clathrate hydrates; and 

(b) contacting said fluid with 
hydroxyethylcellulose . 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



Intern* 4*1 Application No 

PCT/US 93/11191 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 5 E21B37/06 C10L3/00 



F17D1/02 



C07C7/20 



F15D1/00 



Acoonling to International Patent Clasaficalion (IPC) or «o both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by dasnfication 

IPC 5 E21B C10L F17D C07C F15D 



cm to me extent that such documents are included in the fields searched 



Electronic data base consulted during the 



search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



No. 



W0.A.93 25798 (SHELL) 23 December 1993 



see the whole document 

FR.A.2 618 876 (I.F.P.) 3 February 1989 

see the whole document 

EP.A.O 323 774 (I.F.P.) 12 July 1989 

see claim 3 

-/— 



2-8, 
10-14, 
21-24, 
27, 

57-64, 
66,68 



2-8,14, 
15,66 



37-41, 
49,50,57 



Q 



are listed in the continuation of box C 



m 



* Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier fmt pnMi«h*rf an or after the inter national 

filing date 

*L m document which may throw doubts on priority daim(s) or 
which is cited to yftj fflf* the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 

*P* document published prior to the international filing date but 
later than the priority date claimed 



1" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 



"X" document of particular relevance; the dainaed invention 
-■ - - - -■ s — — \ be considered to 



involve an inventive step when the document is taken alone 
"Y* document of particular relevancei the daimed invention 
cannot be considered to involve an inventive step when the 
document is rrmntn™^ with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

document member of the same patent family 



Date of the actual completion of the international search 



16 March 1994 



Date of mailing of the international search report 



3 J. 03. 94 



Name and mailing address of the ISA 

European Patent Office, P-B. 5818 Patent, san 2 
NL - 2280 HV Rijswijk 
Tet (+31-70) 340-2040, Tx. 31 651 epo nl, 
Far (+31-70) 340-3016 



Authorized officer 



De La Morinerie, B 



Form PCT/ISA/210 (taxed thaet) (July 1993) 



naoe 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern. nal Application No 

PCT/US 93/11191 



C(Continua&on) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 
A 



A ' 

A 

A 



EP,A,0 526 929 (SHELL) 10 February 1993 



see the whole document 

AT,A,318 784 (SHELL) 11 November 1974 
see the whole document 

US,A,2 115 823 (MILLER ET AL.) 3 May 1938 
see the whole document 

EP,A,0 061 696 (HOECHST AKT.) 6 October 
1982 

see the whole document 

FR,A,2 488 325 (NL INDUSTRIES) 12 February 
1982 

see page 3, line 23 - line 35 

US.A.3 962 110 (TATE) 8 June 1976 
see the whole document 

DE.A.19 63 567 (SHELL) 20 December 1968 
see the whole document 

US, A, 4 792 412 (HEILWEIL) 20 December 
1988 

see the whole document 



37-41, 
46,49, 
50,57 



1-68 

68 

1-67 

68 

1-67 
68 

1-68 



Fob PCT/lSA/310 (continuation of wood shoot) (July 1993) 



oaae 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family memboi 


Intern, oil Application No 

PCT/US 93/11191 


Patent document 
cited in search report 


1 Publication 
| date 


Patent family 
members) 


Publication 
dale 




23-12-93 


NUNC 










03-02-89 


NUNC 










12-07-89 


JP-A- 
US-A- 


2625547 
2003497 
5244878 


07-07-89 
09-01-90 
14-09-93 


EP-A-0526929 


10-02-93 


N0NE 








AT-A-318784 


11-11-74 


NONE 








US-A-21 15823 




NONE 








EP-A-0061696 


06-10-82 


DE-A- 
CA-A- 
JP-A- 
US-A- 


3112456 
1191834 
57170994 
4556499 


07-10-82 
13-08-85 
21-10-82 
03-12-85 



FR-A-2488325 



12-02-82 



DE-A-1963567 



02-07-70 



AU-B- 

AU-A- 

CA-A- 

DE-A- 

GB-A.B 

JP-A- 

NL-A- 



547470 
7246481 
1168427 
3129543 
2085048 
57053584 
8103523 



AT-A- 
BE-A- 
CH-A- 
FR-A- 
GB-A- 
NL-A- 
SE-B- 



297194 
743333 
527896 
2026670 
1282946 
6818356 
371835 



24- 10-85 
11-02-82 
05-06-84 

25- 03-82 
21-04-82 
30-03-82 
01-03-82 



US-A-3962110 


08-06-76 


AU-B- 


450737 


18-07-74 




AU-A- 


3460171 


19-04-73 






CA-A- 


977543 


11-11-75 






DE-A- 


2151564 


20-04-72 



15-02-72 
18-06-70 
15-09^72 
18-09-70 
26-07-72 
23-06-70 
02-12-74 



Form PCT/XSA/31Q (paUnt ftofly aa&n) (July 1933) 



naae 1 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family member* 



jal Application No 

PCT/US 93/11191 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US-A-4792412 



20-12-88 



NONE 



Fonn PCT/lSA/aiO (pctaot fkmfiy annex) (July 1993) 



oaae 2 of 2 



